Introduction
QCD corrections at next-to-leading order (NLO) and higher orders in the strong coupling are known to be significant for top pair and single top production. An important set of these corrections are those from soft-gluon emission and they turn out to be numerically dominant. The analytical structure of the soft-gluon terms in the perturbative series involves logarithmic plus distributions [ln k (s 4 /m 2 t )/s 4 ] + , with m t the top-quark mass, k ≤ 2n − 1 for the n-th order corrections, and s 4 = s+t 1 + u 1 (with s, t 1 , u 1 standard kinematical variables) the kinematical distance from partonic threshold, which is more general than absolute threshold (i.e. top quarks are not necessarily produced at rest and can have an arbitrarily large transverse momentum, p T ).
These soft corrections have now been resummed to next-to-next-to-leading-logarithm (NNLL) level, and approximate NNLO results have been obtained for top-pair [1] and single top [2] production. The calculations in [1, 2] are all for double-differential cross sections, e.g. in p T and rapidity, using the moment-space resummation formalism in perturbative QCD.
The threshold approximation works very well for LHC and Tevatron energies; in fact it is an excellent approximation for total and differential top quark cross sections: there is only ∼1% difference between NLO approximate and exact cross sections, and similarly for differential distributions in p T and rapidity. The excellence of the approximation is expected to persist also at NNLO (as has been checked for total cross sections, see e.g. discussions in [3] ).
In Fig. 1 we compare the approximate NLO result for the top quark p T distribution in tt production at 8 TeV LHC energy to the exact NLO [4] result. As can be seen in the plot the approximation is excellent and this shows that soft-gluon emission provides the dominant contribution. For the best prediction for differential distributions one must add the NNLO approximate corrections from NNLL resummation [1] to the exact NLO results [4] .
Top quark distributions in tt production
We begin with top-antitop pair production. In our results we use the MSTW2008 NNLO parton densities [5] . In Fig. 2 we show the normalized top quark p T distribution, (1/σ ) dσ /d p T , at approximate NNLO at 7 TeV LHC energy using a top quark mass of 173 GeV. The variation with renormalization and factorization scales over the interval m t /2 < µ < 2m t is displayed, and the central result is with µ = m t . In addition, the CMS data [6] in the ℓ+jets channel are also shown. The agreement with theory is excellent and is better than at NLO, as shown in [6] . The effects of the NNLO soft-gluon corrections is to soften the distribution; this is a natural extension of the fact that the NLO corrections (either soft-gluon alone or complete) soften the LO distribution. Similar agreement is found with CMS data [6] in the dilepton channel. Finally, more recent data from CMS at 8 TeV energy [7] show again a softening of the spectrum and excellent agreement with the NNLO approximate result.
In Fig. 3 we show the normalized top quark rapidity distribution, (1/σ ) dσ /dY , at approximate NNLO at 7 TeV LHC energy using a top quark mass of 173 GeV. Again the variation with scale is displayed. The agreement with CMS data at 7 TeV in the ℓ+jets channel [6] shown in the plot is again excellent. Similar agreement is found with CMS data in the dilepton channel [6] and also at 8 TeV energy [7] . 
Top quark distributions in single-top production
We continue with single-top production and present top-quark transverse-momentum distributions in t-channel and tW production. The NLO differential distributions for single-top production have been known for over a decade [8] . Here we show approximate NNLO results from NNLL resummation.
We begin with the t channel, which is numerically the dominant single-top process. In Fig. 4 we show the t-channel approximate NNLO top-quark p T distribution [9] at 7 and 8 TeV LHC energies. The central results are with µ = m t and the variations with renormalization and factorization scales over the interval m t /2 < µ < 2m t are also shown.
The corresponding results for the t-channel single-antitop p T distribution are shown in Fig. 5 . The plots in Fig. 6 show the p T distributions for t-channel single-top (left plot) and t-channel single-antitop (right plot) production at 7, 8, and 14 TeV LHC energies over a wider p T range up to 1000 GeV.
Finally, we study the associated production of a top quark with a W boson. This is numerically the second largest single-top process at the LHC. In Fig. 7 we show the top quark p T distribution in tW − production at the LHC at 7 and 8 TeV energies. 
